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SUMMARY 



Force— tpst measurpments in two-dimensional flow have 
"been made in the FACA 4- by 6— foot vertical tunnel to de 
terniine the aerodynajnic sffects of changin/; the alinement 
of the cover plates on a sfSalnid internally "balanced flap. 
An NACA 0015 airfoil was ntiliz^^d for the tests. The 
chord of the straight-contour flap, was SO percent of the 
airfoil chord and the balfince was .50 percent of thfj flap 
chord . 

Manuf actur irg imperfections in the alinement of the 
cover plates v/ith the airfoil contour, if large, may have 
serious effects on rpsultant hinge moment of a flap with 
a scaled internal balance. With the cover plates bent out 
from the airfoil contour a rudder would show a tendency to 
lock in a sideslip, and an elevator to overbalance when 
used in the landing attitude. I^ general, bending the 
cover plates in or out increased the negative slope of the 
curves of flap hinge moment against angle of attack and 
against flap" deflection. 

The slope of the lift curvp'for the airfoil remained 
practically unchanged wren the cover plates were bent in 
or out. The lift effectiveness of fhe flap was decreased 
by bending the plates out only through the range where 
flap deflection and angle of attack were of like sign. 
Bending the plates in did not affect the lift eff.ective— .. 
ness "cut re.duced the lift obtainable for the arrangements 
tested. 

The increrrisnt of minijimm profile drag caused by bend- 
ing the plates out was appreciable pu<5 j/? ? larger when the 
bend location was near the trailing edge of the COVer plafce. 
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Bending the cover plates in appeared to have no appreci— 
able effect on thp minimum profile drag coefficient. 



INTR ODUCTION 



The 1IA3A has instituted an extensive 1 nvo s t ifjat i on of 
the aerodynamic characteristics of various flap arrange-- 
ments in an effort to determine the types Taest suited for 
control surfaces and to supply experimental data for de- 
sign purposes. ^he results of this investigation that re- 
late tc the present report are giv^n in references 1 and 
2. 

Difficulties have "been experienced hy manufacturers 
in making cover plates for flaps conform exactly to the 
airfoil contour. The tests reported herein were made to 
determine the effect, psrticularly on the flap hinge mo- 
ments, of various misalineiapnt s of the cover plates. The 
model used was an NACA 0015 airfoil with a 0.30c straif*ht- 
contour flap having a 0.50cf sealed internal "balance. The 
wide cover plates, discussed in reference 1, w^ro used. 
The plates were "bent for misalinement at two chordwise bend 
locTitiong to find the effect on the aerodynpmic character- 
istics for different chordwise Ipngths of misalined cover 
pla tes . 



ArFAEATUS AND HODSL 



The tests were made in the SAGA 4- by 6-foot vertical 
tunnel ■ (reference 3). The test section of this tunnel has 
been corverted from the ori?;in/l open, circular, 5— foot- 
diameter jet to a closed, rectangular, 4— by 6— foot throat 
for force tests of models in t wo— dimens i onal flow. A 
t hr ee— c omponent balance system has been installed in the 
tunnel in order that fores— test measurements of lift, 
drag, and pitching moment may be made. The hinge moment 
of the flap was measured with a special toroue— rod unit 
built into the model. 

The 2r-foot-chord by 4-foot-span model was made of 
laminated mahTt:p.ny to a modified ITACA C015 contour. (S*>e 
table I.) _ The""raodif ied airfoil was of KACA 0015 contour 
forward ©f the 0.70c station and had a straight contour 
from the 0.70c station to the trailing edge, which has the 
same thickness as that of the unmodified NACA 0015 airfoil. 



The flap ncse "balaace has the sharp-nos** profile 
tested in reference 1. The model was cut at the 0,50c 
station and the space from this cut to the flap nose was 
fitted with a tail "block. This tail block was designed 
to leave a gap of 0.005c at the flap nose. ^or the tests, 
however, the gap was closed hy a rubber seal attached as 
shown in figure 1. The rubber seal was attached to the 
ends of the sharp-nose balance and to the end plates of 
the model to prevent any air leakage. Care was taken. to 
keep thp rubber seal slack enough to prevent interference 
with the flap hinge— moment readings at all flap deflections 

The l/l6— inch steel cover plates were rolled to ap- 
proximate the airfoil contour and wer^ made to cover seven- 
eighths of the distance measured along a line parallel to 
the chord line from the rear outer edge of the tail block 
to the flap hinge axis (fif?. l) . The distance from the 
trailing edge of the plates to the flap hinge axis was 
0. 018c. 

Because of tho shape of the sharp— nose balance the 
distance from the trailing ed-ge of the cover plate normal 
to the sharp— nose balance varies with flap, deflection (fig. 
2 of reference 1). The distance from the trailing edge of 
.the cover plate normal to the sharp-nose balance is re- 
ferred to in this paper as the "vent width." The change 
in vent width from the value of 0.0052c (for the cover 
plate on the airfoil contour) when the plates were bent in 
or out (from the airfoil contour) will be referred to as 
Av or "change in vent width." The values of vent width 
were measured wh^^n the flap was not deflected. 

The cover plates were bent, both inward and outward, 
at two chordwise points along the airfoil. The first bend 
was at about the 0.50c station. The amount of bend used 
gave changes in vent width Av of -0.0026c, 0.0052c, and 
0.0078c which gave vent widths of 0.0026c, 0.010"4c, and 
0.0130c, respectively, at the' trailing edge of the cover 
platfts (fig. l). The second bend location was at the 
0.63c station. It was th'Ou^rht advisable 'to use small in- 
crements of bend in order that the data could be faired 
more accurately. The values of vent— width change used 
for this bend location were -0.0026c, -0.0013c, 0.0013c, 
0.0026c, 0.0052c, and 0.0076c which gave vent widths of 
0.0025c, 0,0039c, 0.0065c, 0.0078c, 0.0104g, and 0.0130c, 
respectively (fig. 1). 

The flap deflections tested were restr icted' by the 
shape of the sharp-nose balance which 'would touch the 
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trailing edge of thp cover plates when the flap was de- 
flpcted. When the covpr plates were Ijent in, th^ largest 
flap deflection possible was in somp cases only 10°. 

T3STS 



The MCA 0015 airfoil model with a 0.30c straight- 
contour flap having a 0 . 50cf sharp— nos e balance was tssted 
v/ith wide cover plates to form an internally balanced 
flap. The model, when mounted in the tunnel, completely 
spanned the test section. With this type of test instal- 
lation, tv/o— diniAns ional flov; is appr o.rimated and the sec- 
tion characteristics of the airfoil and flap may be d^ter- 
Kined. The model was attached to the balance frame by 
torque tubes that extended through the sides of the tun- 
nel. The angle of attack was set from outside the tunnel 
by rotating thp torq.ue tubes with an electric drive. Flap 
deflections werp set inside the tunnel by templets and were 
held by a friction clamp on the torque rod that was uspd 
in measuring the hinge moments. 

The tests were m's.de at a dynamic pressure of 15 pounds 
per square foot, which corresponds to an air velocity of 
about 76 miles per hour at standard sea-level conditions. 
The effective Reynolds number of the tests was approximate- 
ly 2,760,000. (effective Heynolds number = test Reynolds 
number X turbulence factor. The turbulence factor tor the 
4- by 6-foot vertical tunnel is 1.9.'?.) 

The tests were made at flap deflections of 0°, 5° , and 
10°, and of 15° when it was possible to reach 15° without 
contact between cover plate and flap nos'». The values of 
lift, drag, pitchiniS moment, and flap hin^re moment were 
read for all tests throughout the angle— of —s t t ack range 
(at 2° increments) from negative stall to positive stall, 
When either stall incidence was apDroach^d, the increment 
in angle of attack was reduced to i^. 



R~SULTS 



The coefficients and the symbols used in this paper 
are defined as follows: 

Cj airfoil section .lift coefficient (l/q.c) 
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airfoil section profile-drag coefficient (dQ/q.c) 



0 

Cj,j airfoil section pitching— moment coefficient (m/q_c^) 
H Cj^ .flap section hinge— moment coefficient (h/q.Cf^) 

ii| where 

I .airfoil section lift 

&.Q airfoil section profile drag 

m airfoil section pitching moment about q.uarter— chord 
point of airfoil 

h fla,p section hinge moment 

c chord of basic airfoil with flap neutral 

c^ . flap chord 

q. dynamic pressure .- 

and 

Av change in vent width 

cLq . angle of attackfor airfoil of inf inlte. aspect 3?at io 
8j . flap deflection with respect to airfoil 
als 0 



Thp. subscripts outside th? parentheses indicate the 
factors held constant during the measurement of the param- 
eters. 
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Precision 

.The accuracy of the data is indicated "by th» deviation 
from zero of lift and moment coefficients at an an^rle- cf 
attack of 0° with the flap nputral. The maximum error in 
effective angle of attack at zero lift appears to be about 
±0,2°. Flap deflections v;erf> set to an accuracy of ±0,2°. 
Tunnpl corrections, exper impntally determined in the 4- by 
6— foot vertical tunnel, werp applied only to lift. The 
hinge moments are probably slightly higher than would be 
obtained in free air and, consequently, the values pro— 
sent«d are considered conservative. The incrpments of 
drag should be r^-asonably ind^p-^ndpnt of tunnel effpot, 
although the absolute value is subject to an unknown cor- 
rection. 



Prpsentation of Data 

The aprodynamic section characteristics of thp NACA 
0015 airfoil with a O..'^0c straight contour flap havinjs: a 
Q.50c£ internal bc^lance are taken from reforencp 1 in fig- 
ure 2, The aprodynamic section charact pr is t i c s of the 
airfoil with the cover plates b^nt eititer inward or out- 
ward varying amounts are givpn in figures ^ through 11. 

Thp flap hinge— mompnt parampters are given as a func- 
tion of change in vent width in figure 12, The incrpment 
cf minimum profile-drag coefficient is presented as a 
function of change in vpnt width for both bend locations 
in figure 13, 

Thp aprodynamic section parameters of thp NACA 0015' 
airfoil with the various internal balance vent widths are 
summarized in table II. 



DISCUSS ION 
Lift 



The slope of the lift curve 




(table II) 



for thp airfoil with cover plates bent in or out different 
amounts from eit.her of thp two bend locations rpmainpd 
virtually unchanged. The angle of attack at which the 
airfoil stalled appeared to remain about the same (apprex— 
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imately ±16°) for all positions of the cover plates (figs. 
2 to 11), 

The valufis f<|r lift effectiveness . (rio^/ 66^ )c j given 

^ in table II wpre takeii at zero lift and show very little 

I change for different cover-plate misalinewents . Figures 

4, 5, 8, 9, 10, and 11, ^*hich sre for the plates in the 
bent-OTii positicjn, show a decrease in lift effectiveness 
for flap deflections ^rreater than 10° at positive values 
of lift oo^'f f icifittt . Since the decrease in the parameter 
value is, in svery case, for thecondition with cover 
plates "bent out, the reduction in lift effectiveness may 
■be attributed to the breaking tip pf t!:i*» air flow over the 
flap. by the protruding plate, which acts like a spoiler. 
The loss of lift effectiveness appeared more pronounced 
when the plates were bent from the 0,6Sc location, probably 
because Of the greater angle between thp airfoil contour 
and the portion of th<^ plate extending into the air stream. 



Hap Hlage Moments 

The values of Cj^ (table II) were .taken .oyer a 

small range of angle of attac?'k (±5°) because the curves 
were linear over only a short range. The values of °hfg 

(table II) were tak-^n as the average slope between 0° 
and 10° flap deflection, since the curves were not' linear' 
For a complete picture of the effect of each cover-plate 
position, all the hinge-moment curves (figs. 2 to 11) must 
be taken into consideration and too much reliance should 
not be placed on thfi values of the slopes measured over a 
small part of each curve except for stick-free stability 
calculations. 



The value of Ci-,-. was not changed when the cover 

plates were bent in at the 0. 50c locat ion (fig. 12). With 
the plates bent in at the 0.63c location cj^^ became 

slightly less negative in magnitude. V/hen the cover plates 
were bent out, the vc^lue of c^-j for both bend locations 

^ a 

increased in a negative direction as the vent v;idth in- 
creased. The slcpe of the c-^ ' curve for the 0.63c bend 

fa 

location was almost twice the slope of the curve for the 
0 . 50c locat ion , 
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When the cover plates were bent in, the vJilue cf 
^hf^ increased in a negative direction for hoth h^nd 

locations (fiff. 12). fPhese values for 0.50c "bend loca- 
tion increased, much more rapidly. With the cover plate 
"be^nt in at the 0.50c station to give the minimum vent 
width, 0.0036c, the value of Cj^ was approximately 

-0.0062. The value of '^hf^ ^ '^^ unbalanced flap was 

-0.00S9 (reference 2). V/ith the covex plates coincident 
with the airfoil contour, the O.SOc^ internal balance re- 
duced the value of c^, to -0.0030 (table II). Thus, 

the internal balance produced a balancing increment of 
0.0059'. The balancing increment was rpduced to 0.0027, 
or thfi differencp between -0.0089 and -0.00G2, by binding 
the cover plates in from the 0.50c station. 

Bending the cover plates out about the 0.6.?c b^nd 
location had a pronounced effect on the negative value of 
chf g , which decreased rapidly until a value of -0.0010 

was reached with a vent width chaui^e of 0.0025c. With 
additional increases in vent width, thp value of Ci^ 

increased rapidly in a negative direction until a value 
of -0.010(3 wr.s reached with the maximum vpnt width tested. 
Since the plain straight-contour flap gave a value for 

°hf 0^ —0.0089, bending the cover plates out an oxces- 

^ 6 

sive amount actually causes the internal balance to un- 
balance or increase the flap hinge moment. The unbalanc- 
ing effect of bending the cover plates out was caused by 
the reversal of the pressure differential aotin/! on the 
enclosed nose of the internal balance. The protruding 
cover plate had a spoiler action, which redijced the veloc- 
ity over the upper vent (flap deflected down) and thus 
increased the pressure in the upp*>r chamber of the in- 
internal balance. The pressure in the lower chamber would 
probably remain nearly constant. Because the lower 
surface vent is in a low velocity region with the flap 
down, cover plate raisalinemp nts should have little effect 
on the pressure in the lov/er chamber. Bending the plates 
out at the 0.50c location had the same though less pro- 
nounced effect on c^- as a-t the 0,6Sc location. The 

effect was smaller probably because the upper plate made 
a smaller angle with the airfo»il surface and therefore 
acted less like a spoiler. 
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A comparison of figures 4, 5, 8, 9, and 10 (for the 
-plates in th.^^ hent-out position) with figure 2 indicates 
that "bending the plates out tended to give an overbalanced 
con-dition when angle of attack and flap deflection are of 
"i^ opposite sign, With the cover plates bent out and angle 

■> of attack and flap deflection of like sign, both Cjj 

!^ . f ot 

and "beoom© erratic at flap deflections greater than 

The horizontal tail surface in the landing attitude and 
the vertical tail surface in a sideslip are "both in the con- 
dit.ion where the angle of attack and flap deflection are in 
. opposition. Bending the cover plates out prod^).ces an over- 
balancing tendency when angle of attack and flap deflection 
are in opposition. Therftfcre,^ bending th^i cover plates' out 
may cause rudder lock in a sideslip or overbalance in the 
horizontal tail when the airplane is in the landing atti- 
tude . 

The values of C;^ and Cj^ obtained with the 

cover plates coincident with the airfoil contour increased 
considerably in a negative direction when angle of attack 
and flap deflection were of like sign (fig. 3). Bending 
thf=! cover plates in made the values of c>,„ and cy, - 

nearly independent of the signs of angle of attack pnd 
flap deflection (figs. 3, 6, and 7), Bending the cover 
plates in appears to have less serious pffects on the flap 
hinge-moment characteristics than bending the cover plates 
out . 

Pitching Moment 

The slopes of the curves of pitching moment as a func- 
tion of lift at constant angle of attack and at . a constant 
flap deflection are listed in table II. The aerodynamic 
center for the lift due to angle of attack was 'located at 
approximately the 0..?3c s.tation for the airfoil having the 
cover plates bent to the various positions. The aerodynamic 
center for thp lift due to flap deflection was located at 
about the 0.41o station for all cover-plate positions except 
the extreme bent-out position from the 0.63c b'^nd location, 
for which case the aerodynamic center was located at the 
0.44'8c station. 
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Drag 

Because of the unknown tunnol correction, thp values 
of drag copfficientB cannot "be considered atsolute; thp 
rplativfi valups , however, should "be prsctically indep^nd— 
Rnt of tunnel effect. The increments of drag coefficient 
(fig. 13) were determined "by deducting the drag coeffi- 
cient of the airfoil with plain 0.30c flap with sealed gap, 
flap not deflected, from the drag coefficient of the airfoil 
with the cover plates bent to the various positions and the 
flap neutral. 

The increments of minimum profile— drag coefficient are 
plotted against changes in vent width in figure l."^ ♦ Bending 
the plates in at either "bend location had no measuraTale 
effect on the minimum profile drag, Bendlngt the plates nut 
gave an increase in drag which increased rapidly with the 
larger amounts of hejii'i . The O.GSc bene! location gave larger 
increments of drag for the same vent width than the 0.50c 
bend location, The larger increments of drag may be attrib- 
uted to the spoiling of thp sir flow ov^r the flap by the 
protruding plate which acts like a spoiler, Thp spoiler 
action indicates that the increment of drag produced is a 
function of thp angle between the protruding part of the 
plate and the airfoil surface and increases as the angle 
Increases . 



COJiCLUS IONS 



The results of the tests indicate tho following eon- 

c lus i ons : 

1. Manufacturing imperfection in the alinement of the 
cover plates for internally balanced flaps with the airfoil 
contour, if large, may havf serious effer^ts on th(» resul- 
tant hinge moment of a flap with a s-aled interny.l balance. 

2. In fienpral , bending the cover plates in or out 
increased the negative slope of curv«^s of flap hingo moment 
flotted against angle of attack and against flap deflection, 

•3. A rudder with internal balance with the cover 
plates bent out an appreciable n,i.ount should have a ten- 
dency toward rudder lock in a sideslip. Similarly, an 
elevator should have a tendency toward overbalance when 
used in the lan^ding attitude when the cover plates are 
bent out, Ben-ding the plates in should havp no serious ef- 
fect other than a slight increase in hinge moment. 



4. lending tho cover plates in or out had practically 
no effect on the slope of the lift curve for the airfoil, 

5. The lift effectiveness of the flap with flap de- 
flection and an^le of attack of like sign was reduced when 
the cover plates were hent out at either hend location. 
Bending the plates ia did not affect the lift effective- 
ness. 

6. The increment of minimum profile drag due- to "bend- 
ing the plates out was appre'cialJle and was larger when the 
"bend location was near the cover-plate trailing edge. 
Within tre *»xper imental accu.--acy of the tests, Ijending the 
cover plates in had no Rppreciahle effect on the minimum 
profile-drag coefficient. 



Langley Memorial Aeronautical LaTs orat ory , 

National Advisory Committee for Aeronautics, 
Langley Field, Va . 
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OHDINATSS POR NACA 0015 AIRFOIL WITH STRAIGHT-COITTOUR FLAP 
Stations and ordlnates in percent of airfoil chord 
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II,- PlUyS'ISSER YiiUSS 5"0E A 0.30c STBAIGEE-COliniOim ^LAP mTE A 0.50c£ SSAL3D lEEEBiiAIi BiUl^JTCS OH 
M 'SjxOL 0015 AliUTOII, WIG7H GBB CO'VSR PLMBS HESPT AT DimSHSSIJT LOOAG?IOI?S TO G-IYl 'ViAHIOUS '^10? VJIDTHS 



The vent width with the airfoil-contour cover plates is 0. 0052c 
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Cover plates on airfoil contour 
1.00^6 c 



.0052c 



F/ap hinge axis 

45" beveled edge 
0104c 




Venf- 



\^.0026c 

Cover plates bent in and out from the a50c station 
-.053c 



O104C 




Coir&^ plates ben/ in and 00/ from tJie 0.63c station 

figure I. -Ti/yo- foot chord NACA OOl 5 airfoil with a 030c straight -contour flap haying 
a 0J50cf sealed internal ba/arxie. 
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Figure U-Sech'on aerodynamic characteristics of an f/ACA 0015 
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F/^ure .-l/on'aHon of fhe f/ap /j/hgG-momeni poramefeKs wrfh c/yang&s /n v&n^ ^ 
widfh. Coi/'&r p/a^es Jb&n^ af each of iwo /oca/ions. A/ACA OO/o a/'r/oJ/ L 
VJ/ih u 030c fifraJahf' nonfouir fktp ha.v/ng a. O./TOcr /hf^ffrna/ bafa./ooe. in) 
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f/gure J3.- l/a nation of the increm&nf of m/n/mum jorofi/e-dmg coeff/c/'er>/ 

with chanqe^ in [^en/ v\/idi^h. Coiner p/ates bejof at ectch o f two 2* 

/ocaf/ons. nACA oo/G oJrfo// Mfh a O^Oc s/ra/gh/- con/our f/ap hcjiy/ng d5 

a 0-50c^ Jnferna/ ba/ance. ^ 



